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in protein-coding sequences (Supplementary Tables 3 and 4) . Of these, all five indels and one SNV (introducing a premature stop codon) were expected to be deleterious. Several mutated protein-coding genes were associated with a human and/ or mouse phenotype (Supplementary Tables 3 and 4) . Of the 29 coding-sequence variants, 7 variants were mutated identically in both mice. 24 CRISPR-associated variants were selected, and all were confirmed by Sanger sequencing (Supplementary Fig. 2 and Supplementary Methods). Among the top-fifty sequences predicted for off targeting, none were mutated. Additionally, there was poor sequence homology between the sgRNA and sequences near the actual off-target coding and noncoding variants ( Supplementary Fig. 3) . Our results suggest current in silico modeling cannot predict bona fide off-target sites.
Together, these results indicate that at least certain sgRNAs may target loci independently of their target in vivo. The unpredictable generation of these variants is of concern. The impact of the numerous mutations occurring in noncoding RNAs or other regulatory intragenic regions could be detrimental to key cellular processes ( Supplementary Fig. 4 and Supplementary Table 5) 6 . Although our CRISPR-treated mice did not display obvious extraocular phenotypes, it is possible the mice may reveal phenotypes in time, when they are challenged or bred to homozygosity.
The present study demonstrates WGS analysis of both indels and SNVs as the most thorough method for identifying off-target mutations and shows a significantly higher number of potentially deleterious CRISPR-Cas9-induced mutations than have been previously reported 3 . It is not clear whether improved sgRNA Here, we present a redesigned analysis tool for Digenome-seq data that runs on web browsers. The core algorithm of the tool is written in C++ and compiled to asm.js (http://asmjs.org/), a preoptimized subset of JavaScript. Users can instantly perform the complete analysis in an ordinary web browser (Supplementary Note 1) with fast execution speed without uploading any data to a server and without local tool installation. In our benchmark, the full analysis for 100 GB of BAM file took 3 h for whole analysis on Intel i5 3570k central processing unit in a single thread.
With the new tool, a user submits both the mock-and nucleasetreated BAM files (Fig. 1a) together with target sequences and required parameters (Supplementary Note 2) . The result page is then displayed and updated in real time. Next, the tool finds patterns of aligned reads that characterize DSB sites. 80-bp flanking sequences around each site are retrieved from the Ensembl database 4 and aligned to the target sequence using a semiglobal alignment algorithm for user convenience. Each site is reported along with the alignment, the number of DSB sites per chromosome (Fig. 1b) and in an interactive plot (Fig. 1c) . The web tool is freely available at http://www.rgenome.net/digenome-js.
Note: Any Supplementary Information and Source Data files are available in the online version of the paper.
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